Aims: To examine changes and explanatory variables for changes in health-related quality of life in patients treated with long-term mechanical ventilation over a 6-year period.
| INTRODUCTION
Long-term mechanical ventilation (LTMV) is a treatment used for individuals with chronic hypercapnic respiratory failure (CHRF) primarily caused by neuromuscular diseases (NMD), obesity hypoventilation syndrome (OHS), chronic obstructive pulmonary disease (COPD) and restrictive thoracic disorders (RTD) (Windisch, 2008) .
LTMV is defined as non-invasive ventilation using a mask or mouthpiece, or invasive ventilation using a tracheostomy for a period of at least 3 months on a daily basis and the treatment is carried out mainly in the user's home or at a long-term care facility (Lloyd-Owen et al., 2005) . The estimated prevalence of LTMV in Norway and Europe is 37 and 6.6 per 100,000 respectively (Norwegian LTMV Registry 2016, Lloyd-Owen et al., 2005) .
Most individuals treated with LTMV have incurable and often chronically progressive diseases p. 277) . Without LTMV, individuals with CHRF have severely impaired health-related quality of life (HRQoL) (Dellborg et al., 2002) , but LTMV might have an impact on daily life (Brooks et al., 2004; Lindahl, Sandmann, & Rasmussen, 2005) and lifelong follow-up from the healthcare service is needed (Leasa & Elson, 2016) . Improving or maintaining HRQoL is one of the main goals both in invasively ventilated (AARC, 2007) and in non-invasively ventilated individuals (McKim et al., 2011 ).
| Background
The knowledge about how LTMV has an impact on HRQoL, has increased, but is still patchy (MacIntyre, Asadi, Mckim, & Bagshaw, 2016; Simonds, 2016) . Certain aspects of HRQoL are well documented while others are poorly investigated. Knowledge from qualitative studies found that LTMV gave more energy to cope with daily life (Ballangrud, Bogsti, & Johansson, 2009 ) and young men with Duchenne muscular dystrophy (DMD) reported that acquiring a ventilator enabled them to make a new positive start to life (Dreyer, Steffensen, & Pedersen, 2010) .
In a discussion paper on quality of life, Moons, Budts, and De Geest (2006) found that quality of life was an umbrella term, covering different other concepts such as HRQoL, health status, symptoms and happiness (Moons et al., 2006) . As a result, research under the heading of quality of life may cover similar, but still different concepts. In clinical research, the term HRQoL is widely used, but as this term also is lacking in conceptual clarity, previous research is based on many different measures. According to Windisch (2008) , the concept of HRQoL has many components and covers aspects of self-reported physical health, psychological well-being, social relations and functional capacities. Following a comprehensive methodological process, including patients treated with LTMV, the Severe Respiratory Insufficiency (SRI) questionnaire was developed, specific for measuring HRQoL in LTMV patients (Windisch et al., 2003) . Condition-specific questionnaires are more tailored and responsive than generic questionnaires towards problems of particular importance to the target group of patients (Fayers & Machin, 2016, p. 118 ). The Why is this research/review needed?
• The main goal with long-term mechanical ventilation is to increase or maintain health-related quality of life. People suffering from chronic hypercapnic respiratory failure not treated with long-term mechanical ventilation have severely impaired health-related quality of life.
• The knowledge of how long-term mechanical ventilation has an impact on health-related quality of life is poor and there are even fewer studies on which factors influence changes in it over several years.
• Previous studies measuring health-related quality of life in patient treated with long-term mechanical ventilation have most often used questionnaires not specific for this group. The validated Severe Respiratory Insufficiency questionnaire has been developed for and together with this group of patients, but not yet used in a long-term follow-up study.
What are the key findings?
• Six-year follow-up study of patients treated with longterm mechanical ventilation found improved healthrelated quality of life measured by the specific and validated Severe Respiratory Insufficiency questionnaire.
• The improvements were in the total score of the questionnaire and in the domains reflecting anxiety related to breathing, contact and relationships with other people and the ability to cope with their condition and overall satisfaction with life.
• Patient-reported satisfaction with training and follow-up from healthcare professionals were factors that contributed to improved health-related quality of life in this group. Side effects from non-invasive ventilation interacted with change in the total SRI score. High forced vital capacity from lung function measurements was a factor for improvements in the social functioning domain and high age was an explanatory factor for reduced score the physical function domain.
How should the findings be used to influence policy/practice/research/education?
• The findings add valuable new knowledge in the field of respiratory care and should be included in the current curriculum for healthcare professionals. The study outcomes are important to decision-making both at the individual level concerning treatment options and in terms of planning of healthcare services for patients treated with long-term mechanical ventilation.
• Nurses interact with long-term mechanical ventilation patients in the outpatient clinic, in hospital wards and through home care and are in a unique position to offer systematic patient training, prevent or reduce side effects of non-invasive ventilation and ensure that patients receive realistic information about possible side effects.
• We recommend further prospective international multicentre studies on the link between long-term mechanical ventilation and health-related quality of life aspects, including on intervention models for training and follow-up in this group of patients by including them as members of the multidisciplinary team and use of patient-reported and registry data to improve care and health-related quality of life. scientific framework for the concept of HRQoL in the present study was therefore based on research that used the SRI questionnaire in patients treated with LTMV.
Applying the SRI questionnaire, a 1-year follow-up study found significant improvements amongst patients with CHRF in a mixed study population including NMD, OHS, RTD and COPD. HRQoL improved after 1 month of LTMV and the results remained stable at the elevated level during the following year (Windisch, 2008) . Two randomized controlled trials (RCT) reported significant improvements in the SRI scores 1 year after initiating LTMV in patients with severe COPD (K€ ohnlein et al., 2014; Struik et al., 2014) . Still, there is an ongoing discussion regarding the indication and benefit of LTMV in COPD patients (Simonds, 2016) .
We have been unable to identify studies using a questionnaire specific to patients treated with LTMV in a follow-up study over more than 1 year, or studies focusing on the efficacy of ongoing (Windisch, 2008) . Co-morbidity was more prevalent in older patients with COPD, reducing their SRI score compared with younger patients with NMD (Huttmann, Windisch, & Storre, 2015) .
The physiological efficacy of the LTMV treatment is to decrease the work of breathing and support gas exchange (Georgopoulo, 2013) .
However, ventilation modes and additional long-term oxygen therapy were not associated with HRQoL (Budweiser et al., 2007) and ventilator settings in obese patients had no influence on change in HRQoL assessed by the SRI questionnaire (Murphy et al., 2012; Storre et al., 2006) . Furthermore, the most common criteria generally used to examine the severity of CHRF are the physiological measurements, partial pressure of carbon dioxide (pCO 2) and forced vital capacity (FVC) (Simonds, 2016) .
These physiological measurements do not reflect the perceptions and subjective state of the patient, but correlations have been reported between these physical measurements and the physical aspects of HRQoL (Hahn et al., 2007) . High ventilator pressure settings, aiming to reduce levels of pCO 2 , were also proposed as the explanation for improved SRI scores in individuals with COPD (K€ ohnlein et al., 2014) .
Some aspects of HRQoL in LTMV are well documented. However, there are certain areas especially relevant for nurses that have only been incompletely investigated. LTMV can be time-consuming and costly and may contribute to significant side effects. If LTMV increases the burden of disease without any positive effects on HRQoL, it would raise ethical concerns (Windisch, 2010 p. 582) . Fex, Flensner, Ek, and S€ oderhamn (2012) recommended supplementary nursing support for people using advanced medical technology at home. Good HRQoL in individuals receiving LTMV depends on good care being provided by competent healthcare personnel (Brooks et al., 2004; Lindahl et al., 2005) . However, shortcomings in the information and follow-up provided by healthcare staff have been reported. Access to better trained personnel has been requested by LTMV patients (Chang, Marsh, Smith, & Neill, 2010) , who suffer from severe conditions requiring information, support and long-term care to enjoy the best quality of life available (Leasa & Elson, 2016) .
There is limited knowledge of how indicators like side effects of the treatment, satisfaction with LTMV training and follow-up might influence changes in HRQoL.
| TH E STUDY

| Aims
The objectives of the present study were as follows:
• to examine changes in HRQoL in patients treated with LTMV from 2008-2014.
• To examine sociodemographic, clinical and patient-reported explanatory variables associated with changes in HRQoL in this group.
| Design
The research design was a prospective cohort study.
| Participants
In 2008, all patients aged ≥18 years in the Norwegian national LTMV registry in Western Norway were invited to participate in the study. The inclusion criteria were patients treated with non-invasive or invasive LTMV for at least 3 months who were mentally able to answer questions. Those who agreed to participate were followed until 2014. 
| Data collection
| Outcome variable of the study
The outcome variable in the present study was HRQoL, measured by the SRI questionnaire at baseline (2008) 
SRI-Anxiety consists of five items including experiences of feeling
anxious about having attacks of dyspnoea and about suffering dyspnoea at night. Avoiding situations that are stressful due to breathing difficulties and being worried that the disease will get worse are also included in this subdomain.
SRI-Social Relationships contains six items including having friends
and feeling comfortable in the company of other people or feeling lonely and isolated. The disease burden on family life is also covered in the subscore.
SRI-Social Functioning consists of eight items including the degree
of broken contact with friends and acquaintances. Limited leisure opportunities, ability to attend social events and the impact of the disease on marriage or relationships are covered by this subdomain.
SRI-Psychological Well-Being includes nine items covering the patient's ability to cope with the disease. The degree of sadness and overall satisfaction with life are included. Each item belongs to only one subscale and all items are rated on a five-point Likert scale from "strongly agree" to "strongly disagree".
Questions refer to the patient's health status during the previous week. The summary scale was obtained by calculating the mean of the values of each scale (Windisch et al., 2003) . However, the minimal clinically important difference of the SRI questionnaire has not been defined.
| Ethical considerations
The study was approved by the Norwegian Committee of Ethics in Medicine, Region III and by the Norwegian Centre for Research Data (project number 16001). In the Information letter, to the patients in 2008 it was informed that the data were stored for 10 years for a possible follow-up study and returning the questionnaires by mail were considered consent to participate in the study. One reminder letter was sent (Markussen, Lehmann, Nilsen, & Natvig, 2015) . Prior to the follow-up study in 2014, the patients received a new information letter about the follow-up study. There was a written consent to participate in the follow-up study. It was possible for the patients to decline from participation in the study, but still be a part in the register.
| Data analysis
All statistical analyses were carried out using SPSS version 20 (SPSS Inc., Chicago, IL, USA) and Stata SE 14 (StataCorp LP, College Station, TX, USA) for Windows. Descriptive statistics were used to quantify sample characteristics. The items in the SRI were recoded and summarized following the guidelines of the original SRI questionnaire (Windisch et al., 2003) . All statistical tests were two-tailed and p values lower than.05 were considered as statistically significant.
To estimate changes in the seven SRI domains from the start of the study in 2008 to its end in 2014, we used linear mixed effects models. All models defined the time-period as a fixed effect, whereas a random intercept for the individual was specified to account for correlated observations of the same individual (an exchangeable correlation structure was assumed). Further, to identify explanatory variables associated with change in the seven SRI domains from 2008 -2014, we extended the abovementioned models to include the relevant explanatory variables and the product between the explanatory variable and time-period (i.e. an explanatory variable-by-time interaction) as model terms.
Estimated mean changes in the SRI domains from 2008 to 2014 in categories of explanatory variables were reported using regression model coefficients (b) with 95% confidence intervals (CIs) and p values. To obtain p values for explanatory variables associated with SRI change, we used the likelihood ratio test, i.e. comparing the log-likelihood between models with and without the explanatory variablesby-time interaction term. Analyses were adjusted for the following background variables: sex; age; education; marital status; years on LTMV and disease.
| Validity, reliability and rigour
Validity and reliability in quality of life research has been discussed (Macduff, 2000; Moons et al., 2006) . Good validity and international relevance of this study is provided by using the SRI questionnaire, that has shown very good psychometric qualities and has been professionally adapted and translated into several languages (Duiverman, Wempe, Bladder, Kerstjens, & Wijkstra, 2008; Ghosh, Rzehak, Elliott, Windisch, 2012; Huttmann et al., 2015, p. 280; L opez-Campos et al., 2008; MacIntyre et al., 2016; Markussen et al., 2015; Oga et al., 2017; Ribeiro, Ferreira, Conde, Oliveira, & Windisch, 2017; Struik et al., 2013; Windisch, 2008; Windisch et al., 2003) (Table S5 ). The improvements in the total score of SRI were seen in all disease groups, except in patients with COPD (Table 3) , who also had a reduction in five of seven SRI subdomains ( (Table 3) and SRI-Physical function (Table S1 ).
Satisfaction with LTMV training was associated with an improved SRI-Psychological Well-Being score (Table 4) . Satisfaction with follow-up from healthcare professionals in the specialist health care service was one explanatory variable for improvement in the SRIAnxiety score (Table 5) . High age was one explanatory variable for a lower SRI-Physical Function score (Table S1 ) and high FVC was correlated with improved HRQoL in the SRI-Social Functioning score (Table S2) .
| DISCUSSION
This study adds valuable new knowledge by being the first study to examine the impact of 6 years of LTMV on HRQoL using the specific SRI questionnaire developed together with and for people treated with LTMV. HRQoL improved both as measured by the total score and by four of the seven SRI subdomains. The improvements occurred in the clinically important domains 'anxiety', 'social functioning', 'social relationships' and 'psychological well-being'.
This study is also unique in that it identified explanatory variables possible for nurses to intervene on, aiming to achieve the main goal of LTMV, which is to improve HRQoL. These results were based on self-reported measures and as in most research on HRQoL, the results may partly be explained by a better adaptation to living with a chronic illness. However, a meta-analysis examining the clinical significance of such an explanation, could not confirm this when examining studies based on measures of response shift (Schwartz et al., 2006) . Patient satisfaction is related to the extent to which general healthcare needs and condition-specific needs are met (Guldvog, 1999) . The importance of giving proper training to a ventilatorassisted individual is recognized as fundamental for good HRQoL.
However, it has not previously been well documented (Norregaard & Escarrabill, 2010; p.172) . According to Escarrabill (2015, p.282) The SRI-Anxiety score was considerably improved both in the overall analysis and in subanalysis of the different disease categories, in line with the outcomes of other studies (K€ ohnlein et al., 2014; Struik et al., 2014; Windisch, 2008) . The findings implicate that follow-up from healthcare professionals might contribute to improve the HRQoL of individuals receiving LTMV related to anxiety for breathlessness. Furthermore, it might indicate that they feel safer in situations where breathlessness may occur. According to Gibson, Brooks, DeMatteo, and King (2009) , it is especially important for LTMV patients to have control over their day-to-day schedules, the assistance provided and how it is carried out.
One of the challenges in clinical practice is to identify and target the patients' genuine needs (Leasa & Elson, 2016) . There are different approaches to follow-up. The setting for patient training and follow-up in this study was a 'real-world' setting, including a multi and interdisciplinary network model that shares and disseminates professional knowledge and skills in the field of LTMV. An evaluation of management of DMD emphasizes the importance of multidisciplinary care for these patients (Bushby et al., 2010) . Escarbilrabill and Norregaard (2010, p.179) , also highlight the benefits of network models, such as professional development and continuing education. An important element of patient education and follow-up in ongoing LTMV is the contact between patient and healthcare professionals over several years, where patients and professionals identify and discuss problems caused by, or related to, the LTMV. The patient is thus involved in the care process. This partnership might affect the evaluation of and satisfaction with, the healthcare service. However, the role of patient-reported outcomes measure (PROM) in facilitating communication between healthcare professionals in the multidisciplinary team and the patient as a team member is yet to be explored (Norekvaal, Faalun, & Fridlund, 2016) .
| Patient-reported side effects as factors associated with changes in HRQoL
Patient-reported side effects of non-invasive LTMV were significantly associated with the total SRI score and the SRI-Physical function domain. To our knowledge, this study was the first to identify side effects, such as soreness caused by mask pressure or air leakage between the mask and face, were associated with a lower total SRI score at baseline compared with those reporting no side effects.
According to Elliott (2004) , some air leakage is an unavoidable consequence of non-invasive LTMV. However, frequent side effects can clearly worsen HRQoL or counteract the HRQoL benefits gained from LTMV (Windisch, 2010, p. 585 ).
| Clinical data from the LTMV registry as explanatory variables associated with changes in HRQoL
High FVC was one explanatory variable for improved HRQoL in terms of SRI-Social Functioning, a key domain because it indicates improved leisure opportunities, including the ability to go out in the evening and attend social events (Windisch et al., 2003) . An explanation of high FVC as clinically important factor might be that the patients with higher FVC have more physical strength to carry out the social functioning. Interaction between high FVC and improved HRQoL are rarely reported. However, a weak but significant positive association between pulmonary variables and HRQoL was also found in patients with cystic fibrosis who were not treated with LTMV (Hahn et al., 2007) .
High age was an explanatory variable for a lower score for SRIPhysical Function. This is in line with , who found reduced HRQoL in individuals receiving LTMV of higher age and with chronic lung diseases, compared with younger patients with NMD. Tissot et al. (2015) also found that patients treated with non- 
| Limitations of this study
The study has some limitations. Firstly, the study sample is relatively small and heterogeneous in terms of the diagnoses leading to LTMV, which means that the sample size is insufficient to perform subgroup analyses, such as interaction studies between explanatory variables and HRQoL for the specific subgroups, NMD, OHS, COPD or RTD.
Secondly, non-responders in 2008 had lower FVC than those who attended, suggesting more severe disease and a lower HRQoL in the non-participating group, which might influence the representativeness of the sample and generalizability of the result. However, information about the physiological variables of non-participating LTMV patients is a strength for the study. Recruiting patients from the national registry also contributes to strengthen the representativeness of the sample and the generalizability of the result, even if the coverage ratio in the registry was not 100%. Thirdly, there was no control group in this study. Nonetheless, a RCT evaluation of HRQoL in patients receiving LTMV vs. a non-ventilated control group of patients would obviously be considered unethical. Despite the design was unable to examine causal relationships, the study revealed clinical important explanatory variables for improved HRQoL.
| CONCLUSION
This study adds important new knowledge by being the first study to examine the impact of 6 years of ongoing LTMV on HRQoL using the specific SRI questionnaire developed for and together with this patient group. The total SRI score and the scores in four of the seven subdomains improved in the majority of the patients treated with LTMV. This study pointed out that patient training, follow-up and reduction of side effects, a healthcare service largely delivered by trained nurses, contribute to achieve the main goal of LTMV treatment-improved HRQoL.
We recommend further prospective studies on HRQoL aspects in LTMV, including standardized intervention models to minimize side effects and to improve training, involvement and follow-up of the patients. LTMV is an expensive treatment for few patients in the community; to assure larger sample size we recommend international cooperation and multicentre studies using the SRI questionnaire.
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